Introduction: The aim of this study was to determine the best site for bone mineral density (BMD) measurements based on T-scores, age, and beverage consumption. Material and methods: In this prospective study, 271 women stratified by age (average age: 61.9 years) underwent dual energy X-ray absorptiometry (DEXA) scanning of their lumbar spine, hips, and forearms. Osteoporosis was defined as a BMD of 2.5 standard deviations or more below the mean peak bone mass based on a reference population of adult women (translated as a T-score ≤ -2.5), as measured by DEXA. Participants were also evaluated regarding alcohol and caffeine consumption by a semiquantitative questionnaire. Results: A significant discrepancy was observed in the classification of osteoporosis at different locations, with hip and forearm showing the best correlation (Pearson's r = 0.627, p < 0.001). In addition, for participants over 50 years of age, hip and forearm showed the best correlation. Significant correlations were also noted between forearm T-scores and caffeine consumed and, to a lesser extent, the level of alcohol consumption. In the group ≤ 50 years of age, lumbar spine and forearm T-scores were only associated with alcohol consumption. In the group over 50 years of age, hip and forearm T-scores were only associated with caffeine consumption. Conclusions: Bone mineral density measurements at the hip and forearm correlated with caffeine consumption in elderly Taiwanese women. This is an important finding since age and caffeine consumption are known risk factors for osteoporosis.
Introduction
Osteoporosis is characterized by microarchitectural deterioration and a decrease in bone mass leading to an increased risk of fracture [1] . Osteoporotic fractures are often due to decreased bone mineral density (BMD) and dual-energy X-ray absorptiometry (DEXA) is the most commonly used method of BMD evaluation. The strengths of DEXA are its low radiation dose (1-6 μSv) and rapid scanning time (1-2 min) providing an 'areal' BMD (g/cm 2 ) of integral (cortical and cancellous) bone [2] [3] [4] [5] .
It is well known that beverage habits influence BMD, including excessive alcohol intake and tea consumption [6] [7] [8] [9] [10] [11] [12] . Coffee and tea are among the most common sources of dietary caffeine intake. Several epidemiological studies have shown that high dietary caffeine intake is associated with reduced BMD and increased urinary calcium loss [8, 13] . In addition, both alcohol and caffeine have been implicated in the development of osteoporosis in patients at risk [11, 13, 14] . These factors are associated with an increased risk of hip fracture [6, 15] . Risk factors for osteoporosis and subsequent fractures, especially hip fractures, also include sedentary lifestyle [7, 16] and smoking [17] , as well as VEGF levels [18] , and leptin levels [19] .
According to the World Health Organization (WHO) [2] , osteoporosis is defined as a BMD of 2.5 standard deviations or more below the mean peak bone mass of a reference population of young, healthy adult women (translated as a T-score), as measured by DEXA. These measurements are usually performed at the proximal femur, lumbar spine, and distal third of the radius, and the diagnosis of osteoporosis is made when the T score is ≤ -2.5 [2] [3] [4] [5] .
However, BMD measurements have been shown to vary based on the site measured [20] . In particular, increased calcification within the laminae and facet joints and increased development of vascular calcifications, spondylophytes and endplate sclerosis can render DEXA scanning of the lumbar spine unreliable [21, 22] .
The aim of this study, therefore, was to determine the best site for BMD measurement in elderly Taiwanese women by correlating T-scores with age and beverage consumption.
Material and methods

Participants
All participants gave their written informed consent prior to participation in the study including their agreement to have serial BMD measurements. This prospective study was approved by the Institutional Review Board of our hospital.
A total of 271 women with an average age of 61.9 ±12.7 years (range, 19 to 93 years; Table I) were consecutively enrolled over a 6-month period. The participants were referred to our department by open announcements of BMD assessment posted at various departments and outpatient clinics throughout the hospital. According to their personal and medical history, participants with known pre-existing bone diseases such as tumor, metastases, or metabolic bone disorders (including diabetes or endocrine conditions) were excluded from the study. Participants with prior fractures were also excluded.
Each participant was evaluated by history and physical examination using a self-reported questionnaire. Data consisting of participant's age, height, weight and history were recorded. The medical history was also obtained during direct participant interview and included estrogen replacement therapy, menopausal status, use of bone-remodeling agents, and presence of related diseases.
DEXA scans and reliability of bone mineral density (BMD) measurements
Bone mineral density data were obtained using a DEXA scanner (QDR-4500w; Hologic, Waltham, MA, USA). Bone mineral density measurements (g/cm 2 ) were taken at the first through fourth lum- bar vertebrae, the hip (femoral neck, trochanteric region and intertrochanteric region) and the distal one-third of the radius. After completion of DEXA scanning, BMDs as well as T-scores for individual lumbar vertebrae (L1-L4), hip, and forearm were calculated using on-line software. These measurements comprised our data comparison pool.
Serial scans were performed on the same day and reports were confirmed and classified by an experienced radiologist (H.C.L.). According to the WHO, a T-score less than -2.5 was indicative of osteoporosis. Osteopenia denotes bone loss in the range of -1 to -2.5. Participants with an average T-score above -1 were considered healthy [2] .
In our study, the BMD measurements revealed no significant differences between test-retest and between operators, except for total mass. With coefficients of variation ranging from 0.2% to 3.5%, and with intraclass correlation coefficients ranging from 0.99 to 1.00, the Hologic QDR 4500/A DXA system was shown to be highly reliable regarding BMD assessment [23] .
Beverage consumption and semiquantitative beverage-frequency questionnaire
The consumption of the three varieties of beverages most widely imbibed throughout the world (alcohol, coffee, and tea) was evaluated using a modified and validated self-administered beverage frequency questionnaire [12, 13] . Participants were asked to report their average alcohol, coffee and tea consumption per day during the previous year. According to the International Osteoporosis Foundation's suggestion, alcohol consumption was regarded as positive if the participant consumed more than 500 ml/day of beer (4% alcohol), 160 ml/day of wine (12.5% alcohol), or 50 ml/day of hard liquor (40% alcohol). In other words, consumption of alcohol in excess of the safe drinking limit of more than 2 units a day (Figure 1 ) is regarded as positive, where a unit of alcohol is equivalent to 10 ml (or approximately 8 grams) of pure ethanol, the active chemical ingredient in alcoholic beverages. Excessive alcohol consumption increases the risk of osteoporosis and fractures [24] .
Coffee consumption was regarded as positive if the participant consumed more than 2 units of caffeine/day (one cup of coffee was regarded as 1 unit of caffeine containing 136 mg). Tea consumption was regarded as positive if the participant consumed more than 4 cups/day of tea (with one cup of tea regarded as 0.5 unit of caffeine) [12, 13] .
The participants were also asked questions regarding their alcohol, tea, and coffee-drinking habits and were then categorized as habitual vs. nonhabitual drinkers on the basis of self-report. Participants who drank coffee or tea more than three times per week for 6 months or longer were recorded as habitual drinkers; otherwise, they were classified as nonhabitual drinkers. In terms of alcohol consumption, participants were classified as habitual drinkers if they drank alcohol at least once a week [12, 13] .
Statistical analysis
Age, height, and weight of each patient were considered non-normally distributed continuous variables and represented by median and inter-quartile range (IQR, the range between the 25 th and 75 th percentile). T-scores of lumbar spine, hip, and forearm were normally distributed and represented as means and standard deviations (SDs). Categorical variables were represented by counts and percentages. In order to adjust for the effect of age, participants were divided into 2 groups: women ≤ 50 years of age vs. women > 50 years of age.
Differences in T-scores at the lumbar spine, hip, and forearm were compared by paired t-test. Pearson's correlation coefficient r (Pearson's r) was used to determine the associations between the T-score among the three sites, and the point biserial coefficient r was used to determine the associations between T-scores and types of beverages consumed as the beverages consumed represented categorical data [25] . Cohen's k was used to compare the reliability of diagnostic agreement among the three sites. All statistical assessments were two-sided and evaluated at the 0.05 level of significant difference. Statistical analyses were performed using SPSS software version 18.0 (SPSS Inc., Chicago, IL, USA).
Results
Demographic data for the 271 participants are summarized in Table I . Their median age was Of the 271 women who participated in the study, 19 (7.0%) consumed alcohol and 130 (48.0%) participants consumed caffeine (coffee or tea). In the age group ≤ 50 years of age, 3 (7.9%) participants consumed alcohol and 28 (73.7%) participants consumed caffeine. In the group over 50 years of age, 16 (6.9%) consumed alcohol and 102 (43.8%) participants consumed caffeine. The remaining 136 participants abstained from the consumption of alcohol or caffeinated beverages and drank only water. Figure 2 is a graph of T-scores for lumbar spine, hip, and forearm sites. There were significant differences in the T-scores between lumbar spine and hip, lumbar spine and forearm, and hip and forearm (all p < 0.001). Moreover, in the group over 50 years of age, there were significant differences in the T-scores between lumbar spine and hip, lumbar spine and forearm, and hip and forearm (all p < 0.001, data not shown). On the other hand, there were significant differences only in the T-scores between lumbar spine and forearm and hip and forearm in the group ≤ 50 years of age (both p < 0.001, data not shown). Figure 3 shows the correlations in T-scores among lumbar spine, hip, and forearm. There were significant correlations in T-scores between lumbar spine and hip (Pearson's r = 0.551, p < 0.001, Figure 3 In
Table II displays the diagnostic agreement among lumbar spine, hip, and forearm with regards to T-score. The number of participants with the same diagnostic agreement in the three categories (normal, osteopenia, and osteoporosis) between lumbar spine and hip, lumbar spine and forearm, and hip and forearm were 135 (49.8%) (k = 0.236), 114 (42.7%) (k = 0.161), and 149 (55.0%) (k = 0.336), respectively, with hip and forearm showing the best correlation agreement.
In the group ≤ 50 years of age, the number of participants with the same diagnostic agreement in the three categories (normal, osteopenia, and osteoporosis) between lumbar spine and hip was 21 (55.3%) (k = 0.206), whereas the data were insufficient to access the diagnostic agreement in either lumbar spine and forearm or hip and forearm.
In the group over 50 years of age, the number of participants with the same diagnostic agreement in the three categories (normal, osteopenia, and osteoporosis) between lumbar spine and hip, lumbar spine and forearm, and hip and forearm were 114 (48.9%) (k = 0.214), 98 (42.1%) (k = 0.153), and 127 (54.5%) (k = 0.326), respectively, with hip and forearm showing the best agreement. Table III shows the correlation between T-scores and the type of beverage consumed. The use of caffeine or alcohol correlated with T-scores to different extents in the lumbar spine, hip and forearm. Changes in hip and forearm T-scores appeared to be strongly associated with caffeine consumption (Table III) . In contrast, lumbar spine was only associated with caffeine consumption and to a lesser extent than either forearm or hip.
A significant correlation was noted between T-scores of the forearm and caffeine consumption (point biserial coefficient r = 0.228, p < 0.001) and to a lesser extent the level of alcohol consumption (point biserial coefficient r = 0.135, p = 0.027). There was a significant correlation between T-scores of the hip and caffeine consumed (point biserial coefficient r = 0.226, p < 0.001) and to a lesser extent between T-score of the lumbar spine and caffeine consumed (point biserial coefficient r = 0.156, p = 0.010).
In the group ≤ 50 years of age, lumbar spine and forearm were only associated with alcohol consumption (point biserial coefficient r = 0.325, p = 0.046 for lumbar spine and point biserial coefficient r = 0.330, p = 0.043 for forearm, respectively).
In the group over 50 years of age, hip and forearm were only associated with caffeine consumption (point biserial coefficient r = 0.178, p = 0.006 for hip and point biserial coefficient r = 0.176, p = 0.007 for forearm, respectively).
Discussion
This study correlated BMD measurements at different skeletal sites (lumbar spine, hip, and forearm) with age and beverage consumption (alcohol and caffeine). Between any two of the three sites (lumbar spine vs. hip, lumbar spine vs. forearm, hip vs. forearm), there existed significant differences in T-scores (all p < 0.001; Figure 2 ), yet BMD measurements within each pair of sites were well correlated (all p < 0.001; Figure 3 ). As a result, a significant discrepancy was observed in the classification of osteoporosis at different locations, with hip and forearm showing the best correlation (Pearson's r = 0.627, p < 0.001, Figure 3 C ).
In addition, regarding the number of participants with the same diagnostic agreement in the three categories (normal, osteopenia, and osteoporosis) between lumbar spine and hip, lumbar spine and forearm, and hip and forearm, for participants over 50 years of age, hip and forearm showed the best agreement. The use of caffeine or alcohol also correlated to varying degrees with T-scores in lumbar spine, hip and forearm. In the group ≤ 50 years of age, lumbar spine and forearm T-scores were only associated with alcohol consumption (point biserial coefficient r = 0.325, p = 0.046 in lumbar spine and point biserial coefficient r = 0.330, p = 0.043 in forearm, respectively; Table III ). In the group over 50 years of age, hip and forearm T-scores were only associated with caffeine consumption (point biserial coefficient r = 0.178, p = 0.006 in hip and point biserial coefficient r = 0.176, p = 0.007 in forearm, respectively; Table III ). These results demonstrated that bone loss rates were site-dependent and were affected to varying degrees by the type of beverage consumed and age of the patient.
Based on the osteodensitometric definitions proposed by the WHO study group [2, 26] , the diagnosis of either osteoporosis or osteopenia is made when a sufficiently low BMD is measured in one or more anatomic sites. Rachner et al. [27] reported that the prevalence of osteoporosis increases with the number of scanned sites. A combination of lumbar spine and hip BMD data should be measured when diagnosing osteoporosis, even though this increases the prevalence of osteoporosis by 50% or more in perimenopausal women [20, 28] . In clinical practice, the diagnosis of osteoporosis and the decision to initiate treatment are most commonly made by comparing BMD data of the lumbar spine to a normative database. Numerous prospective studies have reported that BMD measurements at various sites are equally effective in predicting future fractures [29] [30] [31] . According to their findings, measurement of lumbar spine BMD appears to provide adequate information to diagnose osteoporosis on the basis of bone mass measurements. However, several studies have shown considerable diagnostic disagreement between quantitative sonography of the calcaneus vs. DEXA scans of the spine and femur [32, 33] . Our finding of a significant difference between T-scores within the lumbar spine, hip, and forearm was in agreement with previous studies [21, 22, 34, 35] . Other workers have also found that BMD measurements at different anatomic sites varied depending on the sites studied [20, 36, 37] .
Previous studies have shown that coffee and alcohol intake are risk factors for reduced BMD and increased osteoporotic fractures in women [13, 38] . In contrast, tea drinking has been associated with a higher BMD [39, 40] and a reduced risk of hip fracture [41, 42] . Our study was designed to prospectively determine whether beverage consumption had an influence on BMD measurements performed at different skeletal sites. The hip and forearm appeared to be the best site for predicting skeletal status based on our BMD measurements and correlated with caffeine consump- tion, especially in elderly Taiwanese females, while the lumbar spine was the least predictive site. This was an important finding since both age and caffeine consumption are known risk factors for the development of osteoporosis. Breastfeeding has no deleterious effects and may confer an additional advantage for BMD in pre-menopausal women [43] . The rapid decline in estrogen production at menopause and an increased life span both contribute to the development of osteoporosis in elderly women [14] . With regards to the mechanism underlying the effect of caffeine consumption on BMD, considerable evidence supports a calciuretic effect [13, 14] . Caffeine has also been shown to influence calcium metabolism by decreasing both vitamin D receptor protein expression and alkaline phosphatase activity of osteoblasts [14] . In addition, the inverse relationship between caffeine intake and bone density found in our study has been evaluated in a report [13] .
Hip fracture is the most devastating result of osteoporosis. Worldwide, the number of elderly is expected to double by 2040, and the incidence of hip fractures is likely to become a substantial burden on public health systems due to the significant disability and high mortality rate associated with hip fracture as well as the cost of surgical treatment [44] . In the United States, for example, adjusted first-year costs associated with hip fracture for patients aged 65 years or older were US $15,196 [45] . Thus, a better understanding of risk factors for developing osteoporosis may aid in preventing health issues, such as hip fractures and their related costs, particularly in our elderly Taiwanese women.
Our study had several limitations. We did not attempt to quantify total lifetime coffee consumption or take into consideration the type of coffee bean used, the brewing time, or the preparation method, all of which may affect the quantity of caffeine in the consumed drink [14] . In addition, the manner whereby coffee was consumed (e.g., decaffeinated, with or without milk or cream) was not considered. Also, cofounders such as consumption of other caffeinated beverages (soft drinks and energy drinks), other calcium sources such as milk, consumption of vitamin D, calcium supplements, health food supplements, magnesium, and physical activity and conditions that may affect calcium metabolism and the bone mineral density were not considered [2, 46] . Factors affecting calcium metabolism and bone deposition other than those directly affecting the bones, i.e., weight (obesity), and endocrine conditions such as diabetes were not considered in the analysis. Additional cofounders not considered included underlying diseases not mentioned by the patients such as duodenal ulcer and parathyroid disease. We also did not consider the effect of baseline BMD on the results. Other possible confounders commonly associated with coffee consumption (and which can contribute to the risk of osteoporosis) such as smoking and lack of exercise were not evaluated. In addition, we enrolled participants from open announcements in various departments and outpatient clinics, which may have led to some selection bias. Finally, DEXA of the lumbar spine can be extremely unreliable when calcification, sclerosis and osteophytes exist; however, we did not use quantitative computed tomography (QCT) as an alternative as it is expensive and, therefore, out of reach for most of our patients. In addition, it also results in higher radiation exposure compared with DEXA [21, 22] .
A strength of this study involved providing lifestyle information on the effect of beverage consumption on BMD measurements at different skeletal sites in Taiwanese women stratified by age. The novelty of this study was the finding that bone loss rates for osteoporosis were site-specific and correlated with age and consumption of beverages, especially caffeine. The aim of this study was to determine the best site for BMD measurement based on T-scores, age, and beverage consumption when lumbar BMD measurements were not available. Our goal was not to change international algorithms, but merely to suggest that, in the face of significant spinal degeneration that may render lumbar BMD unreliable [21, 22] , the other two sites for BMD should be used (i.e., hip and forearm), particularly in elderly Taiwanese women who drink caffeine. We still, however, measure all three sites (lumbar spine, forearm and hip) when performing each DEXA scan in our hospital.
In conclusion, BMD measurements at the hip and forearm correlated with caffeine consumption in elderly Taiwanese women. This is an important finding since age and caffeine consumption are known risk factors for the development of osteoporosis.
